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Objectives and Approach 


OBJECTIVES 

• TO INVESTIGATE THE USE OF PECVD SILICON NITRIDE FOR PASSIVATION OF SILICON 
SURFACES. 

• TO INVESTIGATE MEASUREMENT TECHNIQUES FOR SURFACE RECOMBINATION VELOCITY * 

• TO INVESTIGATE THE IMPORTANCE OF SURFACE PASSIVATION TO HIGH EFFICIENCY 
SOLAR CELLS. 

APPROACH 

S'K FILM DEPOSITION ANQ CHARACTERIZATION 

• ESTABLISH PECVD SYSTEM 

• DEVELOP DEPOSITION PROCEDURES 

FILM CHARACTERIZATION 

• OPTICAL CHARACTERIZATION -- N ind K VS WAVELENGTH ANO DEPOSITION PARAMETERS. 

• PHYSICAL CHARACTERIZATION 

PASSIVATION STUDIES 

• SURFACE STATE DENSITY AT SI N x /S1 INTERFACE FOR MODERATELY DOPED SILICON 
SUBS'! RATES . 

• PHOTORESPONSE OF N/P SOLAR CELLS WITH PECVD $1N* FILMS. 

• CURRENT-VOLTAGE ANALYSES OF SILICON CELLS WITH SIN* FILMS. 

• ROSIER MEASUREMENT 
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HIGH-FFFICIENCY SILICON SOLAR CELL RESEARCH 

Approaches to Investigation of Surface 
Recombination in Solar Cells 


H-SINi-pSI STRUCTURE 
HIGH FREQUENCY AND 
OUASf-STATIC C-V 
MEASUREMENTS TQ 
OBTAIN INTERFACE 
STATE DENSITY. 



SOLAR CELL STRUCTURE 
PHOTCRESPONSE AT 
SHORT WAVELENGTHS 
CAN THEORETICALLY 
YIELD RECOMBINATION 
VELOCITY. 

l-V CHARACTER 1 2AT ION 
MAY ALLOW IDENTIFICATION 
OF OOHINANT CURRENT 
MECHANISMS. 




I-V CHARACTERIZATION 
WITH SURFACE POTENTIAL 
VARIED ALLOWS OETECTIOH 
OF SURFACt RECOMBINATION 
EFFECTS. 
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HIGH-EFFICIENCY SILICON SOLA* CELL RESEARCH 


Results of t *v- < ;e State Study of SiN x on p-T M ;e Si 
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Interface State Density vs Annealing 
Temperature for SiN x on p-Type Si 

O RCA CLEAN/NITRIDED/DEPOSrr @150°C 
V RCA CLEAN/NITRIDEO/DEPOSIT @270 °C (UPPER UMIT) 
□ RESULTS REPORTED B’ ’ HE2EL. * al. 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 

Interna! Photoresponse Analysis 


THEORY 



EXPERIMENT 


T MEASURE: J pH (x) , R x , N x and K x of SIN^ 

- ! ANALYSIS: HAVE OBTAINED S ]NT ( A) FOR CELLS WITH SIN^ LAYERS. 

- i DETERMINED S, ASSUMING A HOMOGENEOUS EMITTER. 

* 1 F 
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'i Internal Photoresponse vs Wavelength for 

S: n-p Cell With 1 00 Angstroms Si02 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Internal Photoresponse vs Wavelength for JPL Cell 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 

Illuminated Characteristics of JPL Cells 
(Fabricated by ASEC) 
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•EFFICIENCY MEASURED AT JCGS WITH ELH SIMIIATOR. THE SIMULATOR HAS BEEN CALIBRATED BY 
EXCHANGING A REFERENCE CELL WITH SERI. 


Effect of Reactive Ion Etching Cell Edges 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Approach to Dark l-V Analysis 


I-V RELATIONSHIP (V. » kT) 


! MEAS * * V j /nkT 

V j * V MEAS ' R S ! MEAS 


l j = ! Ol exp(BV j } * *02 ex P( V j/ nkT 


FITTING PROCEDURE 


1 . 

SELECT R $ AND R $H 

2. 

GENERATE (lj. 

V 

3. 

CONSIDER ( Ij . 

Vj) FOR REGION 


J J 

Ij * I ol exp(6 Vj } 



Log e ( I j ) * Loggd^l+BVj 


LEAST SQUARES FIT => I q1 , B 

4. CONSIDER ( I j * Vj) FOR REGION 2 
I j2 = Ij - I ol exp(BVj ) 

= I q2 exp(Vj/nkT ) 

LEAST SQUARES FIT I 2> B 

5. ITERATE BETWEEN REGIONS 1 AND 2 UNTIL 
ACHIEVE CONVERGENCE. 

6. CARRY OUT STEPS 1 THROUGH 5 FOR 
ARRAY OF R AND R, „ VALUES. SELECT 
VALUES OF PARAMETERS WHICH PROVIDE 
BEST FIT TO DATA. 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Emitter J 0 vs Surface Donor Concentration 
for Shallow-Junction n-p Ceil 
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VqqO fiV) 
ASSUMING 
jgC*33 mA / cm* 
AND n » 1 .0 


1 Jos FOR 2 Ohm-em HIP CELL WITH THICKNESS OF 1 5 MILS, L(BASE) * 1 30 

D - 2 1 ’ (APPROXIMATE CELLS PROVIDED BY JPU. 

2 Jqs FOR 0.2 Ohm-cm N/P CELL WITH THICKNESS OF 1 5 MILS, LIBASE) = 160 pm, 
D **21 cm*Mc 


I-V Parameters for Dark Characteristics 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 



Analysis of Temperature-Dependent 
l-V Characteristics of JPL Cell 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Theory for l-V Characteristics 


1. EMITTER RECOMBINATION CURRENT 

J - Jqc i*xp< n ^ T > “ ’I 
n » 1 

FOR RM TEMP ANALYSIS: 


J CI 


N 0 ««> 


OF 


OF IS A FCT OF W H S P> D ro * t p 


FOP INTERPRETATION OF TEMPERATURE 
DEPENDENT DATA: 

Joe ** Joo fT) «xp 

♦ * I* 20 - (AE > EMITTER 
BON 



2 . BASE REGtQN RECOMBINATION current 

J - Jot - 11 

n - 1 


Joe 


Us , 

Na *n 


Joom exp( ^ ) 


4 - 1.20 - IAEIbase 

BQN 


4. TUNNSLING/RECOMBINATION 
J * J 0T exp(BV) V » kT 

B TEMPERATURE INDEPENDENT 

Jot = Joo 

^ TYPICALLY 0 TO 0.5 «V 

5. FIELD EMISSION 

j * Jqe «xp(CV) 

c -i T + B 

Jof ■ Joo«*Pt'+W! 

| - fVy f.n-’ 

8. EDGE LEAKAGE CURRENTS 

CURRENT MECHANISMS 131. 141 OR (61 
USUAL SHUNTING MECHANISM 

J*h“V/Rsh 


3. DEPLETION LAYER RECOMBINATION CURRENT 

J - Jor «*P ljfj.1 V » kT 

J 0R c J 00 **P 

4 = (E,-Ev) OR (Ec-EJ n « 1 TO 2 
FOR n“2. 4=-Ea/2 FOR 0*1. +*0.8 »V 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


MINP Cell Concept 


MIS CONTACT 
USING Ms OR Ti 



FIELD 

Calculated J D ^ for Single and Double AR Layers 
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH 


Projected Performance 


TO ACHIEVE 20% 

• MUST REDUCE J 0 e 
BY DECREASING 
N s AND S p 

• NEED SLIGHT IMPROVEMENT 
INL 

TO ACHIEVE 25% 

• NEED F&P DIFFUSION 
LENGTH 

• MUST REDUCE 
S p TO 10 1 

• WITH THESE VALUES 
OF L AND S p , J 0 
WILL BE DECREASED 
TO *3 x 10" 14 A/cm 1 

• MUST USE DOUBLE AR 
WITH TEXTURED SURFACE 
OR WITH COMPLETE 
OPTICAL CONFINEMENT 


30 r — 



Jsd m A/cm*| 

36.0 

36.0 

36.7 

40.9 

VoctmV) 

630 

650 

670 

720 

FF 

.794 

.812 

.820 

.850 

J 0 (A/cm’) 

1 xir,-” 

4.5x10” 

2x10” 

3x10-’* 

n-VALUE 

1.0 

1.0 

1.0 

1.0 

Nclcm 3 ! 

6x10” 

4x10” 

2x10’* 

2x10” 

MflEra 

10* 

10* 

10* 

10* 

DIFF LENGTH 

ISO 

150 

200 

500 (F&PI 

GRID SHADOW 

4% 

4% 

3% 

2% 

CELL THICKNESS 

15 mit 

15 mil 

15 mit 

10 mil 

BACK SURF 

Ohmic 

Ohmic 

BSF 

BSF 


Key Results and Future Work 


KEY RESULTS 

ESTABLISHED PECVO SYSTEM. 

DEVELOPED PROCEDURES FOR GROWTH OF $tN x WITH APPROPRIATE OPTICAL PROPERTIES FOR 
SINGLE AR COATING. 

DETERMINED APPROACH FOR ACHIEVING SURFACE STATE DENSITY <5xl0 10 cn- 2 eV'l 
ON MODERATELY DOPED SILICON. 

DEVELOPED APPROACH FOR REACTIVE iON ETCHING CELL EDGES TO INCREASE CELL FF VALUES. 

HAVE INITIATED STUDIES OR ROSIER MEASUREMENTS ON SOLAR CELLS. 

CHARACTERIZED CELLS WITH SI N x AND SI O x AR COATINGS WITH I-V ANALYSIS AND 
PHOTORESPONSE TO OBTAIN ESTIMATED VALUES FOR S. 


FUTURE WORK 

INVESTIGATE EFFECT OF SiN x on SURFACE RECOMBINATION FOR MODERATELY OOPEO 
N-TYPE MATERIAL. 

INVESTIGATE FEASIBILITY OF ROSIER METHOD FOR MEASURING S ON SILICON SOLAR CELL 
STRUCTURES. 

INVESTIGATE MINP SILICON SOLAR CELLS. 

— DEVELOP OBLAR AND REDUCE SHADOWING TO ACHIEVE J sc - 36 fflA/cm 2 

-- REDUCE CURRENT LOSSES SUCH THAT J,, - $xl0‘ 13 A/cm 2 AND n * 1 .0 
TO ACHIEVE V oc - 650 mV, FF - .81 and EFF « 19%. 


